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PI.TaONUCLEOTIDES AND METHOD FOR CHA RACTERIZING AND 
DETECTINa GENOGRQUP II TYPE SMALL ROUND STRUCTURED VIRUS 



Field of the Invention 

SRSV (Small Round Structured Virus) is commonly 
known as a causative virus of viral food poisoning. The 
present invention relates to nucleic acid sequences, 
oligonucleotides and method for detection of SRSV and, in 
particular, a virus which belongs to Genotype II (GII) in 
clinical examinations, public health examinations, food 
evaluations and food poisoning examinations* 

Prior Art 

SRSV belongs to the human Calicivirus group. Human 
Caliciviruses are classified according to their three 
genetic types: Genogroup I (GI), Genogroup II (GII) and 
Genogroup III (GUI). Generally speaking, GI and GII 
Caliciviruses are generally referred to as SRSV, and GUI 
Caliciviruses are referred to as human Caliciviruses in 
the narrow sense • 

Approximately 20% of the food poisoning cases 
reported in Japan are attributed to viral causes. SRSV 
is detected in over 80% of these viral food poisoning 
cases. The major source of infection is food, and raw 
oysters are often implicated. SRSV has also been 
detected in infant (sporadic) acute enterogastritis , thus 
suggesting the possibility of propagation from human to 
human. SRSV detection therefore provides an important 
contribution to public health and food quality. 

To date, SRSV detection has been relied on electron 
microscope observation. Detection by this method, 
however, requires the virus to be present in an amount of 
lOVml or greater, and thus the detection subject was 
limited to patient's feces. Further, even though 
observation of the virus was possible, it could not be 
identified • 

In recent years, it has become possible to produce 
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viroid hollow particles for human caliciviruses , and 
research is advancing toward a specific antibody- 
detecting ELISA employing such particles. However, the 
detection sensitivity is still on the same level as 
electron microscopy, and the method is therefore far from 

highly sensitive. 

AS mentioned above, since a complex procedure and a 
long time are required for the conventional method and it 
is difficult to detect trace amounts of SRSV in samples 
within a short time, it has been desired to provide a 
detection method satisfying the high-speed and high- 
sensitivity requirements for food evaluation and the 
like. There has also been a demand for development of an 
automated examination device which allows more convenient 
examination. 

Methods of amplifying target nucleic acid can be 
utilized as highly sensitive detection methods. One 
known method for amplification of specific sequences of 
genomic RNA such as that of SRSV is the reverse 
transcription-polymerase chain reaction (RT-PCR) . This 
method comprises synthesis of a cDNA for the target RNA 
by a reverse transcription step, and then repeating a 
cycle of heat denaturation, primer annealing and 
extension reaction in the presence of a pair of primers 
which are complementary and homologous to both ends of 
specific sequences of the cDNA (the antisense primer may 
be the one used in the reverse transcription step) as 
well as a thermostable DNA polymerase, thereby amplifying 
the specific DNA sequence. However, the RT-PCR method 
requires a two-step procedure (a reverse transcription 
step and a PGR step), as well as a procedure involving 
rapidly increasing and decreasing the temperature, which 
prevent its automation. 

Other methods known for amplification of specific 
RNA sequences include the NASBA and 3SR methods which 
accomplish amplification of specific RNA sequences by the 
concerted action of reverse transcriptase and RNA 



i I 



I 



- 3 - 



polymerase. in these methods, the target RNA is used as 
a template in the synthesis of a promoter sequence- 
containing double-stranded DNA using a promoter sequence- 
containing primer, reverse transcriptase and Ribonuclease 
H; this double-stranded DNA provides a template in the 
synthesis of an RNA containing the specific base sequence 
of the target RNA using an RNA polymerase; subsequently, 
this RNA provides a template in a chain reaction for 
synthesizing a double-stranded DNA containing the 

promoter sequence. 

Thus, the NASBA and 3SR methods allow nucleic acid 
amplification at a constant temperature and are therefore 
considered suitable for automation. However, as these 
amplification methods involve relatively low temperature 
reactions (41*'C, for example), the target RNA forms an 
intramolecular structure which inhibits binding of the 
primer and may reduce the reaction efficiency. 
Therefore, they require subjecting the target RNA to heat 
denaturation before the amplification reaction so as to 
destroy the intramolecular structure of the target RNA 
and thus to improve the primer binding efficiency. 
Further, even when carrying out the detection of an RNA 
at a lower temperature, these methods require an 
oligonucleotide capable of binding to the RNA forming 
such a molecular structure. 

Thus, an object of the present invention is to 
provide nucleic acid sequences, oligonucleotides or 
suitable combination thereof, capable of specifically 
cleaving or amplifying SRSV and, in particular, a virus 
which belongs to Gil type, preferably at a relatively low 
and constant temperature (between 35" C and SCC, 
preferably 41''C) , useful in detecting and identifying 
such a virus at high sensitivity. 

Detailed Description of the Invention 
The invention of claim 1, which has been 
accomplished to achieve this object, relates to a cDNA as 
shown in SEQ. ID. No.l, or fragment or derivative thereof 
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having a size sufficient to bind to Genogroup II type 
Small Round Structured Virus (SRSV). 

The invention of claim 2, which has been 
accomplished to achieve the aforementioned object, 
relates to an oligonucleotide for detection of GII type 
SRSV, which oligonucleotide is capable of binding to said 
GII type SRSV at specific site, and comprises at least 
10 contiguous bases of any of the sequences listed as 
SEQ. ID. Nos.2 to 9. 

The invention of claim 3, which has been 
accomplished to achieve the aforementioned object, 
relates to the oligonucleotide according to claim 2, 
wherein said oligonucleotide is an oligonucleotide probe 
for cleaving said RNA at said specific site by binding to 
said specific site of said RNA. 

The invention of claim 4, which has been 
accomplished to achieve the aforementioned object, 
relates to the oligonucleotide according to claim 2, 
wherein said oligonucleotide is an oligonucleotide primer 
for a DNA elongation reaction. 

The invention of claim 5, which has been 
accomplished to achieve the aforementioned object, 
relates to the oligonucleotide according to claim 2, 
wherein said oligonucleotide is an oligonucleotide probe 
a portion of which is modified or labeled with a 
detectable marker. 

The invention of claim 6, which has been 
accomplished to achieve the aforementioned object, 
relates to the oligonucleotide according to claim 2, 
wherein said oligonucleotide is a synthetic 
oligonucleotide in which a portion of its base(s) is 
(are) modified without impairing the function of said 
oligonucleotide as an oligonucleotide probe. 

The oligonucleotides of the present invention, which 
have been accomplished to achieve the aforementioned 
object, are oligonucleotides that complementarily bind in 
a specific manner to intramolecular structure-free 



regions of the target RNA in the aforementioned RNA 
amplification, and they are capable of binding 
specifically to the target RNA without the heat 
denaturation described above • In this manner, the 
5 present invention provides oligonucleotides that bind to 
intramolecular structure-free regions of the GII type 
SRSV RNA at a relatively low and constant temperature 
(35 - 50*^0, and preferably 41^*0, which are useful for 
specific cleavage, amplification, detection or the like 
10 of GII type SRSV RNA. More specifically, the present 
invention relates to an oligonucleotide primer which 
cleaves the target RNA mentioned above at specific site, 
an oligonucleotide primer for amplifying the above target 
DNA with PGR, an oligonucleotide primer for amplifying 
15 the above target DNA with NASBA or the like, and an 

oligonucleotide probe for detecting the target nucleic 
acid without or after these amplifications, thereby 
accomplishes rapid and highly sensitive detection. 

SEQ ID Nos. 2 through 9 illustrate examples of the 
2 0 oligonucleotides of the present invention useful in 

cleavage, amplification, detection or the like of RNA 
derived from GII type SRSV. In this connection, RNA 
derived from GII type SRSV also includes RNA that has 
been produced by using these genes as templates. 
25 Although each of the oligonucleotide of the present 

invention may include entire base sequence of any of SEQ 
ID Nos. 2 to 9, since 10 contiguous bases are adequate for 
specific binding to GII type SRSV, these oligonucleotides 
can be oligonucleotides comprising at least 10 contiguous 
30 bases of the described sequences. 

The oligonucleotides of the present invention can 
be, for example, used as an RNA-cleavable probe. 
Cleavage of a target RNA at a specific site can be 
accomplished by hybridizing the oligonucleotide of the 
35 present invention to a single-stranded target RNA, and 

then exposing it to an enzyme which cleaves only the RNA 
moieties of the heteronucleic double-stranded RNA- DNA. 
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AS for this enzyme, those which are known to have common 
ribonuclease H activity can be used. 

The oligonucleotides of the present invention can be 
used, for example, as oligonucleotide primers for nucleic 
acid amplification. If a nucleic acid amplification 
method is carried out using the oligonucleotide of the 
present invention as the primer, only the target nucleic 
acid, namely nucleic acids of the Gll type SRSV, can be 
amplified. Although examples of amplification methods 
include PGR, LCR, NASBA and 3SR, nucleic acid 
amplification methods that can be carried out at a 
constant temperature such as LCR, NASBA and 3SR are 
particularly preferable. GII type SRSV can be detected 
by detecting the amplification product by various 
methods. in this case, any of the above oligonucleotides 
other than the oligonucleotide used in the amplification 
may be used as probes, and the fragment of the amplified 
specific sequence can be confirmed by electrophoresis or 
the like . 

The oligonucleotides of the present invention can be 
used as probes by, for example, modifying its portion or 
labeling it with a detectable marker. When detecting the 
target nucleic acid, the oligonucleotide of the present 
invention labeled with the detectable marker may be 
hybridized to a single-stranded target nucleic acid, 
after which the hybridized probe can be detected via the 
marker. The marker detection may be carried out by a 
method suitable for the particular marker and, for 
example, when using an intercalator fluorescent dye for 
labeling the oligonucleotide, a dye with the property of 
exhibiting increased fluorescent intensity by 
intercalation in the double-stranded nucleic acid 
comprising the target nucleic acid, and the 
oligonucleotide probe, may be used in order to allow easy 
detection of only the hybridized probe without removal of 
the probe that has not hybridized to the target nucleic 
acid. When using a common fluorescent dye as the marker. 
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the marker may be detected after removal of the probe 
that has not hybridized to the target nucleic acid. For 
the detection, the target nucleic acid in the sample is 
preferably amplified to a detectable amount by a nucleic 
acid amplification method such as PGR, NASBA or 3SR 
method, among which isothermal nucleic acid amplification 
methods such as the NASBA and 3SR methods are most 
preferable. When incorporating the nucleotide- labeled 
probe in the reaction solution during the amplification, 
it is especially preferable to modify the probe by, for 
example, adding glycolic acid to the 3 • -end so that the 
probe will not function as a nucleotide primer. 

The invention of claim 7, which has been 
accomplished to achieve the aforementioned object, 
relates to a GII type SRSV RNA amplification process in 
which the specific sequence of said GII type SRSV RNA 
present in a sample is used as a template for synthesis 
of a cDNA employing an RNA-dependent DNA polymerase, the 
RNA of the formed RNA/DNA hybrid is decomposed by 
Ribonuclease H to produce a single-stranded DNA, said 
single-stranded DNA is then used as a template for 
production of a double- stranded DNA having a promoter 
sequence capable of transcribing RNA comprising said 
specific sequence or the sequence complementary to said 
specific sequence employing a DNA-dependent DNA 
polymerase, said double- stranded DNA produces an RNA 
transcription product in the presence of an RNA 
polymerase, and said RNA transcription product is then 
used as a template for cDNA synthesis employing said RNA- 
dependent DNA polymerase, wherein said RNA amplification 
process being characterized by employing a first primer 
comprising at least 10 contiguous bases, of any of the 
sequences listed as SEQ. ID. No. 20 to No. 24, which has a 
sequence homologous to a portion of said GII type SRSV 
RNA to be amplified, and a second primer comprising at 
least 10 contiguous bases, of any of the sequences listed 
as SEQ. ID. No. 25 to No. 31, which has a sequence 
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complementary to a portion of said GII type SRSV RNA 
sequence to be amplified (where either or both the first 
and second primers include the RNA polymerase promoter 
sequence at their 5' end). 

The invention of claim 8, which has been 
accomplished to achieve the aforementioned object, 
relates to the process of claim 7, wherein said RNA 
amplification process is carried out in the presence of 
an oligonucleotide probe capable of specifically binding 
to the RNA transcription product resulting from the 
amplification and labeled with an intercalator 
fluorescent pigment, and changes in the fluorescent 
properties of the reaction solution are measured (with 
the proviso that said labeled oligonucleotide is 
different from said first oligonucleotide and said second 
oligonucleotide) . 

The invention of claim 9, which has been 
accomplished to achieve the aforementioned object, 
relates to the detection method of claim 8, characterized 
in that said probe is designed so as to complement arily 
bind with at least a portion of the sequence of the RNA 
transcription product, and the fluorescent property 
changes relative to that of a situation where a complex 
formation is absent. 

The invention of claim 10, which has been 
accomplished to achieve the aforementioned object, 
relates to the detection method of claim 9, characterized 
in that said probe comprises at least 10 contiguous bases 
of any of the sequences listed as SEQ. ID. No. 32 to 
No. 35 or its complementary sequence. 

The present invention provides a nucleic acid 
amplification process for amplification of GII type SRSV 
RNA in a sample, and a detection method for RNA 
transcription products obtained by the nucleic acid 
amplification process. The amplification process of the 
invention includes the PGR, NASBA and 3SR methods, but is 
preferably a constant temperature nucleic acid 
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amplification method such as the NASBA or the 3SR methods 
whereby Gil type SRSV-specif ic RNA sequences are 
amplified by the concerted action of reverse 
transcriptase and RNA polymerase (a reaction under 
conditions in which reverse transcriptase and RNA 
polymerase act in concert). 

For example, the NASBA method is an RNA 
amplification process in which the specific sequence of 
GII type SRSV RNA present in a sample is used as a 
template for synthesis of a cDNA employing an RNA- 
dependent DNA polymerase, the RNA of the formed RNA/DNA 
hybrid is decomposed by Ribonuclease H to produce a 
single-stranded DNA, the single-stranded DNA is then used 
as a template for production of a double-stranded DNA 
having a promoter sequence capable of transcribing RNA 
comprising the specific sequence or the sequence 
complementary to the specific sequence employing a DNA- 
dependent DNA polymerase, the double-stranded DNA 
produces an RNA transcription product in the presence of 
an RNA polymerase, and the RNA transcription product is 
then used as a template for cDNA synthesis employing the 
RNA-dependent DNA polymerase, and the process of the 
present invention is characterized by employing a first 
primer comprising at least 10 contiguous bases of any of 
the sequences listed as SEQ. ID. No. 20 to No. 24 which 
has a sequence homologous to a portion of the Gil type 
SRSV RNA, and a second primer comprising at least 
10 contiguous bases of any of the sequences listed as 
SEQ. ID. No. 25 to No. 31, which has a sequence 
complementary to a portion of the GII type SRSV RNA 
sequence to be amplified (where either or both the first 
and second primers include the RNA polymerase promoter 
sequence at their 5" region). 

While there are no particular restrictions on the 
RNA-dependent DNA polymerase, the DNA-dependent DNA 
polymerase and the Ribonuclease H, AMV reverse 
transcriptase which has all of these types of activity i 
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preferred. The RNA polymerase is also not particularly 
restricted, but T7 phase RNA polymerase and SP6 phage RNA 
polymerase are preferred. 

in this amplification process, there is added an 
oligonucleotide which is complementary to the region 
adjacent and overlapping with the 5' end of the specific 
sequence region (bases 1 to 10) of the GII type SRSV RNA 
sequence, and the GII type SRSV RNA is cleaved (with 
Ribonuclease H) at the 5' end region of the specific 
sequence to prepare the initial template for nucleic acid 
amplification, thereby allowing amplification of GII type 
SRSV RNA without the specific sequence at the 5' end. 
The oligonucleotide used for this cleaving may, for 
example, be any of those of SEQ. ID. No. 25 to No. 31 
(provided that it differs from the ones used as the first 
oligonucleotide in the amplification process). The 
cleaving oligonucleotide is preferably chemically 
modified (for example, aminated) at the 3' hydroxyl in 
order to prevent an extension reaction at the 3' end. 

The RNA amplification product obtained by the 
aforementioned nucleic acid amplification process may be 
detected by a known detection method but, preferably, the 
amplification process is carried out in the presence of 
an oligonucleotide probe labeled with an intercalator 
fluorescent pigment, while measuring the changes in the 
fluorescent properties of the reaction solution. The 
oligonucleotide probe will typically be the one wherein 
the intercalator fluorescent pigment is bonded to a 
phosphorus atom in the oligonucleotide by way of a 
linker. With this type of suitable probe, formation of a 
double strand with the target nucleic acid (complementary 
nucleic acid) causes the intercalator portion to 
intercalate in the double-stranded portion resulting in a 
change in the fluorescent property, so that no separatory 
analysis is necessary (Ishiguro, T. et al. (1996), 
Nucleic Acids Res. 24(24) 4992-4997). 

The probe sequence is not particularly restricted so 
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long as it has a sequence complementary to at least a 
portion of the RNA transcription product, but it is 
preferably a sequence comprising at least 10 contiguous 
bases of the sequences listed as SEQ. ID. Nos.32 to 
No. 35. Also, chemical modification (for example, 
glycolic acid addition) at the 3' end hydroxyl group of 
the probe is preferred in order to prevent an extension 
reaction with the probe as a primer. 

Accordingly, it is possible to amplify and detect 
RNA comprising the same sequence as the specific sequence 
of GII type SRSV RNA in a single tube at a constant 
temperature and in a single step, thus facilitating its 
application for automation. 

Brief Description of the Drawings 
Fig. 1 is a urea modified 6% poly aery lamide 
electrophoresis diagram for samples after performing GII 
type SRSV standard RNA binding tests at 41*C, using 
oligonucleotides G2-1R to G2-17R (black and white 
inverted). The arrows indicate the positions of the 
specific bands. Lanes 1 to 17 show the results of the 
binding test using G2-1R to G2-17R respectively, and lane 
N represents the negative control (using only the diluent 
instead of RNA samples). The molecular weight markers 
(lanes Ml and M2) used therein are RNA markers (0.1 to 
1 kb and 0.2 to 10 kb) . 

Fig. 2 is a urea modified 6% poly aery lamide 
electrophoresis diagram for samples after performing GII 
type SRSV standard RNA binding tests at 41''C, using the 
oligonucleotides selected in Example 1 (black and white 
inverted). The arrows indicate the positions of the 
specific bands. Lanes 1 to 8 show the results for GI 
type SRSV standard RNA of the binding tests, and lanes 9 
to 16 show the results for GII type SRSV standard RNA of 
the binding test. Lanes 1 and 9 , lanes 2 and 10, lanes 3 
and 11, lanes 4 and 12, lanes 5 and 13, lanes 6 and 14, 
lanes 7 and 15, as well as lanes 8 and 16 used 
oligonucleotides G2-1R, G2-2R, G2-3R, G2-8R, G2-10R, 
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G2-11R, G2-12R and G2-17R, respectively, and lane N 
represents the negative control (using only the diluent 
instead of RNA samples). The molecular weight markers 
(lanes Ml and M2 ) used therein are RNA markers (0.1 to 
1 kb and 0.2 to 10 kb) . 

Fig. 3 is an electrophoresis diagram for RNA 
amplification reactions in Example 3 using 
oligonucleotide combinations (a) to (d) shown in Table 2 
(black and white inverted), with an initial RNA amount of 
10* copies /test. Lanes 1 and 2 are the results for 
combination (a), lanes 4 and 5 are for combination (b) , 
lanes 7 and 8 are for combination (c), lanes 10 and 11 
are for combination (d) , while lanes 3, 6, 9, and 12 are 
for the negative control (using only the diluent instead 
15 of RNA samples). The molecular marker used therein was 
<|)X174/Hae III digest (Marker 4). Specific bands were 
confirmed in every combination. 

Fig. 4 is an electrophoresis diagram for RNA 
amplification reactions in Example 3 using 
oligonucleotide combinations (e) to (h) shown in Table 2 
(black and white inverted), with an initial RNA amount of 
10^ copies/test. Lanes 1 and 2 are the results for 
combination (e), lanes 4 and 5 are for combination (f), 
lanes 7 and 8 are for combination (g), lanes 10 and 11 
are for combination (h), while lanes 3, 6, 9, and 12 are 
for the negative control (using only the diluent instead 
of RNA samples). The molecular marker used therein was 
(l,Xl74/Hae III digest (Marker 4). Specific bands were 
confirmed in every combination. 

Fig. 5 is an electrophoresis diagram for RNA 
amplification reactions in Example 3 using 
oligonucleotide combinations (i) to (1) shown in Table 2 
(black and white inverted), with an initial RNA amount of 
10* copies/test. Lanes 1 and 2 are the results for 
combination (i), lanes 4 and 5 are for combination (d), 
lanes 7 and 8 are for combination (k) , lanes 10 and 11 
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are for combination (1), while lanes 3, 6, 9, and 12 are 
for the negative control (using only the diluent instead 
of RNA samples). The molecular marker used therein was 
(t)X174/Hae III digest (Marker 4). Of these combinations, 

specific bands were confirmed in combinations (k) and 

(1). 

Fig. 6 shows a graph (A) of the fluorescence 
increase ratio which increases as the reaction time and 
production of RNA progress, and a calibration curve (B) 
obtained for the initial RNA amount logarithm and the 
rising time, with an initial RNA amount of between 10^ 
copies /test and 10= copies /test in Example 4. The 
initial amount of 10^ copies/test of RNA was detectable 
after approximately 20 minutes of reaction, and a 
correlation between initial RNA amount and rise time was 
demonstrated . 
Examples 

The present invention will now be explained in 
greater detail by way of examples, with the understanding 
that the invention is not limited by these examples. 

Example 1 

Specific binding of the oligonucleotides of the 
invention to Gll type SRSV at 41''C was examined. 

(1) Of the GII type SRSV-RNA, a standard RNA (SEQ 
ID No. 10) comprising a region of 2843 bases in total 
containing the SEQ ID No.l region and a portion of the 
structural protein-coding gene region, as well as a 
69 base-partial region derived from the 5' end of a 
vector (PCR2.1, Invitrogen) was quantified by ultraviolet 
absorption at 260 nm, and then diluted to a concentration 
of 0.62 pmol/^l with an RNA diluent (10 mM Tris-HCl 

(pH 8.0)), 0.1 mM EDTA, 1 mM DTT, 0.5 U/jxl RNase 

Inhibitor (Takara Shuzo Co. Ltd.). 

(2) 14 jil of a reaction solution having the 

following composition was dispensed into 0.5 ml volume 

PGR tubes (Gene Amp Thin-Walled Reaction Tube"*, Perkin- 
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Elmer Co. Ltd. ) 

Reaction Solution Composition (each concentration 
represents that in a final reaction solution volume of 

15 [il) 

60 mM Tris-HCl buffer (pH 8.6) 
17 mM magnesium chloride 
90 mM potassium chloride 
39U RNase inhibitor 
1 mM DTT 

0.066 MM standard RNA 

0.2 nM oligonucleotide (one of the oligonucleotides 

shown below was used) 

G2-1R (Oligonucleotide complementary to base Nos.23 

to 42 of SEQ ID No.l; SEQ ID No. 2) 

G2-2R (Oligonucleotide complementary to base Nos.46 
to 67 of SEQ ID No.l; SEQ ID No. 3) 

G2-3R (Oligonucleotide complementary to base Nos.104 
to 125 of SEQ ID No.l; SEQ ID No. 4) 

G2-4R (Oligonucleotide complementary to base Nos.201 
to 220 of SEQ ID No.l; SEQ ID No. 11) 

G2-5R (Oligonucleotide complementary to base Nos.222 
to 241 of SEQ ID No.l; SEQ ID No. 12) 

G2-6R (Oligonucleotide complementary to base Nos.249 
to 271 of SEQ ID No.l; SEQ ID NO. 13) 

G2-7R (Oligonucleotide complementary to base Nos.274 
to 293 of SEQ ID No.l; SEQ ID No. 14) 

G2-8R (Oligonucleotide complementary to base Nos.324 
to 344 of SEQ ID No.l; SEQ ID No. 5) 

G2-9R (Oligonucleotide complementary to base Nos.512 
to 533 of SEQ ID No.l; SEQ ID No. 15) 

G2-10R (Oligonucleotide complementary to base 
NOS.725 to 745 of SEQ ID No.l; SEQ ID No. 6) 

G2-11R (Oligonucleotide complementary to base 
Nos.812 to 831 of SEQ ID No.l; SEQ ID No. 7) 

G2-12R (Oligonucleotide complementary to base 
NOS.930 to 952 of SEQ ID No.l; SEQ ID No. 8) 
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G2-13R (Oligonucleotide complementary to base 
Nos.1061 to 1081 of SEQ ID No.l; SEQ ID No. 16) 

G2-14R (Oligonucleotide complementary to base 
NOS.1107 to 1126 of SEQ ID No.l; SEQ ID No. 17) 

G2-15R (Oligonucleotide complementary to base 
Nos.1222 to 1244 of SEQ ID No.l; SEQ ID No. 18) 

G2-16R (Oligonucleotide complementary to base 
Nos.1280 to 1299 of SEQ ID No.l; SEQ ID No. 19) 

G2-17R (Oligonucleotide complementary to base 
Nos.1303 to 1322 of SEQ ID No.l; SEQ ID No. 9) 

Distilled water for adjusting volume 

( 3 ) The reaction solutions were then incubated at 
41°C for 5 minutes, and then 1 ^1 of 8 U/nl AMV-Reverse 
Transcriptase (Takara Shuzo Co. Ltd.; an enzyme which 
cleaves RNA of a double stranded-DNA/RNA) was added 
thereto. 

(4) Subsequently, the PGR tubes were incubated at 

41*C for 10 minutes. 

(5) Modif ied-urea polyacrylconide gel (acrylamide 
concentration: 6%; urea: 7M) electrophoresis was 
conducted to confirm the cleaved fragments after the 
reaction. Dyeing following the electrophoresis was 
carried out with SYBR Green II™ (Takara Shuzo Co. Ltd.). 
Upon binding of the oligonucleotide to the specific site 
of the target RNA, RNA of the double stranded DNA/RNA is 
cleaved by the ribonuclease H activity of AMV-Reverse 
Transcriptase and, thereby, a characteristic band could 
be observed. 

The results of the electrophoresis are shown in 
Fig. 1 (black and white inverted). If the 
oligonucleotide binds specifically to the standard RNA, 
the standard RNA will be decomposed at this region, 
yielding a decomposition product having a characteristic 
chain length. Specific bands were confirmed with G2-1R, 
G2-2R, G2-3R, G2-8R, G2-10R, G2-11R, G2-12R, G2-17R. 
This indicated that these oligonucleotides bind strongly 
to the GII type SRSV RNA under a certain condition at a 
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temperature of 41°C. The numbers in Table 1 are assigned 
by designating the initiation base of SEQ ID No.l in the 
base sequence of SEQ. ID No. 10 as 1. The circles in the 
table indicate that a specific band was observed, and the 
symbols "X" indicate that a specific band was observed 
together with a non-specific band. 

Table 1 



Oligo name 


Position 


Expected band lenath (base) 


Result 


G2-1R 




91, 2799 


O 


G2-2R 


46 


114, 2744 


O 


G2-3R 


104 


172, 2716 


o 


G2-4R 


201 


269, 2621 


X 


G2-5R 


222 


290, 2600 


X 


G2-6R 


249 


317, 2570 


X 


G2-7R 


274 


342, 2548 


X 


G2-8R 


324 


382, 2497 


O 


G2-9R 


512 


580, 2308 


X 


G2-10R 


725 


793, 2096 


O 


G2-11R 


812 


880, 2010 


o 


G2-12R 


930 


998, 1889 


o 


G2-13R 


1061 


1129, 1760 


X 


G2-14R 


1107 


1175, 1715 


X 


G2-15R 


1222 


1290, 1597 


X 


G2-16R 


1280 


1348, 1542 


X 


G2-17R 


1303 


1371, 1519 


O 



Example 2 

The specificities against GII type SRSV of the 
oligonucleotides selected in Example 1 were confirmed. 

(1) As a GI type SRSV standard RNA, an RNA 
comprising base Nos . 1 to 3861 of the structural gene of 
an RNA-dependent RNA polymerase derived from the base 
sequence of Chiba virus RNA was quantified by ultraviolet 
absorption at 260 nm, and then diluted with an RNA 
diluent (10 mM Tris-HCl (pH 8.0), 0.1 mM EDTA, 1 mM DTT, 
0.5 U/|xl RNase Inhibitor (Takara Shuzo Co. Ltd.)) to 

0.45 pmol/nl. 

(2) AS a GII type SRSV standard RNA, the same RNA 
solution as in Example 1 (SEQ ID No. 10; concentration: 
0.62 pmol/^il) was used. 

(3) 14 |xl of a reaction solution having the 



following composition was dispensed into 0.5 ml volume 
PGR tubes (Gene Amp Thin-Walled Reaction Tube™, Per kin- 
Elmer Co. Ltd. ) 

Reaction Solution Composition (each concentration 
represents that in a final reaction solution volume of 

15 

60 mM Tris-HCl buffer (pH 8.6) 
17 mM magnesium chloride 
90 mM potassium chloride 

39U RNase inhibitor (Takara Shuzo Co. Ltd.) 
1 mM DTT 

0.066 |xM standard RNA 

0.2 JAM oligonucleotide (one of the oligonucleotides 

shown below was used) 

G2-1R (SEQ ID No. 2) 
G2-2R (SEQ ID No. 3) 
G2-3R (SEQ ID No. 4) 
G2-8R (SEQ ID No. 5) 
G2-10R (SEQ ID No. 6) 
G2-11R (SEQ ID NO. 7) 
G2-12R (SEQ ID No. 8) 
G2-17R (SEQ ID No. 9) 

(4) The above reaction solutions were then 
incubated at 41*C for 5 minutes, and then 1 ^1 of 8 U/m-1 
AMV-Reverse Transcriptase (Takara Shuzo Co. Ltd.) was 

added thereto. 

(5) Subsequently, the PCR tubes were incubated at 

41*'C for 10 minutes. 

(6) Modif ied-urea polyacrylamide gel (acrylamide 
concentration: 6%, urea: 7M) electrophoresis was 
conducted to confirm the cleaved fragments after the 
reaction. Dyeing following the electrophoresis was 
carried out with SYBR Green 11^ (Takara Shuzo Co. Ltd.). 
Upon binding of the oligonucleotide to the specific site 
of the target RNA, RNA of the double stranded DNA/RNA is 
cleaved by the ribonuc lease H activity of AMV-Reverse 
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Transcriptase and, thereby, a characteristic band could 
be observed. 

The results of the electrophoresis are shown in 
Fig. 2 (black and white inverted). If the 
oligonucleotide binds specifically to the standard RNA, 
the standard RNA will be decomposed at this region, 
yielding a decomposition product having a characteristic 
chain length. The results showed that the 
oligonucleotides selected in Example 1 bind specifically 
to GII type SRSV RNA. 

As explained above, the oligonucleotides of the 
present invention are oligonucleotides that complementary 
bind to RNA derived from GII type SRSV, even under 
conditions of relatively low and constant temperature 
(35 - 50°C, preferably 41°C), which tend to produce an 
intramolecular structure in RNA and prevent binding of 
primers or probes thereto. Specific binding of the 
oligonucleotides is therefore possible without heat 
denaturation of the target RNA. The oligonucleotides of 
the invention are thus useful as oligonucleotides for 
cleavage, amplification, detection or the like of RNA 
derived from GII type SRSV, i.e. as oligonucleotide 
primers or oligonucleotide probes to be used in RNA 
cimplif ication methods. 

Furthermore, the oligonucleotides of the invention 
are also useful for amplification and detection of GII 

type SRSV gene. 

The oligonucleotides of the invention are not 
limited to the sequences shown in the Sequence Listings 
(20 to 23 mers), and may be oligonucleotides comprising 
at least 10 contiguous bases within those sequences. 
This is apparent from the fact that an order of 10-mer 
base sequence is sufficient to ensure adequate 
specificity of primers or probes to target nucleic acids 
under relatively low temperature condition (preferably, 

at 41''C). 

Example 3 
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RNA amplification reactions were carried out using 
the oligonucleotides which specifically bind to the RNA 

of GII type SRSV. 

(1) Of the GII type SRSV-RNA, a standard RNA (SEQ 
ID NO. 10) comprising a region of totally 2843 bases 
containing the entire RNA-dependent RNA polymerase gene 
region and a portion of the structural protein-coding 
gene region, as well as a 69 base-partial region derived 
from the 5' end of a vector (pCR 2.1, Invitrogen) was 
quantified by ultraviolet absorption at 260 nm, and then 
diluted to 1.0 X 10* mol/5jil with an RNA diluent (10 mM 
Tris-HCl (pH 8.0), 1 mM EDTA, 0.5 \3/\xl RNase inhibitor 
(Takara Shuzo Co. Ltd. ) , 5 mM DTT) . In the control test 
sections (negative), only the diluent was used. 

(2) 20.8 |xl of a solution having the following 
composition was dispensed into 0.5 ml volume PCR tubes 
(Gene Amp This-walled Reaction Tube™, Perkin-Elmer Co. 
Ltd.), followed by addition of 5 ^1 of the above RNA 
sample . 

Reaction Solution Composition (each concentration 
represents that in a final reaction solution volume of 

30 Hi) 

60 mM Tris-HCl buffer (pH 8.6) 
17 mM magnesium chloride 
90 mM potassium chloride 
39U RNase inhibitor 
1 mM DTT 

0.25 jxl of each dATP, dCTP, dGTP, dTTP 
3.6 mM ITP 

3.0 mM of each ATP, CTP, GTP, UTP 
0.16 fxM first oligonucleotide 
1.0 [xM second oligonucleotide 
1.0 \m third oligonucleotide 
13% DMSO 
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Distilled water for adjusting volume 

(3) RNA amplification reactions were carried out 
using the oligonucleotides of the sequences listed in 
Table 2, as the first, second and third oligonucleotides. 

5 Solutions were prepared so that the combinations of the 
first, second and third oligonucleotides would be those 
as listed in Table 2. 

(4) After incubating the above reaction solutions 

for 5 minutes at 41°C, 4 . 2 jil of an enzyme liquid having 

10 the following composition was added. 

Composition of Enzyme Solution (each figure 
represents the amount in a final reaction solution volume 

of 30 yil) 

1.7% sorbitol 
15 3 ng bovine serum albumin 

142U T7 RNA polymerase (Gibco) 
8U AMV-Reverse Transcriptase 
(Takara Shuzo Co. Ltd. ) 
Distilled water for adjusting volume 
20 (5) Subsequently, the PCR tubes were incubated at 

41°C for 30 minutes. 

(6) In order to identify the RNA amplified portion 
after the reaction, agarose gel (agarose concentration 
4%) electrophoresis was performed. Dyeing following the 
25 electrophoresis was performed with SYBR Green II (Takara 
Shuzo Co. Ltd.). When an oligonucleotide probe binds to 
the specific portion of the target RNA, the RNA portion 
between the second and third oligonucleotide is 
amplified, thereby a characteristic band could be 

30 observed. 

The results of the electrophoresis are shown in 
Figs. 3 to 5 (black and white inverted). The chain 
lengths of the specific bands amplified in this reaction 
are shown in Table 2. Since specific bands were 

35 confirmed in combinations from (a) to (h), and from (k) 
to (1), it was demonstrated that the oligonucleotides 
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used in these combinations are effective in detecting GII 
type SRSV . 

Table 2 





1st Oligo 


2nd Oligo 


3rd Oligo 


Amplification produced 
chain length (no. of 
bases) 


(a) 


G2-1S 


G2-1F1 


G2-8R 


314 


(b) 


G2-1S 


G2-1F2 


G2-8R 


317 


(c) 


G2-2S 


G2-2F1 


G2-8R 


289 


(d) 


G2-2S 


G2-2F2 


G2-8R 


292 


(e) 


G2-3S 


G2-3F1 


G2-8R 


231 


(f) 


G2-3S 


G2-3F2 


G2-8R 


234 


(g) 


G2-10S 


G2-10F1 


G2-12R 


219 




G2-10S 


G2-10F2 


G2-12R 


222 


(i) 


G2-11S 


G2-11F1 


G2-12R 


133 


(D) 


G2-11S 


G2-11F2 


G2-12R 


136 


(k) 


G2-12S 


G2-12F1 


G2-17R 


382 


(1) 


G2-12S 


G2-12F2 


G2-17R 


385 



5 Table 2 shows the combinations of first, second and 

third oligonucleotides used in this example, as well as 
the chain lengths of the amplified specific bands 
resulted from the RNA amplification reaction using these 
combinations. The 3' end hydroxyl group of each first 
10 oligonucleotide base sequence was aminated. In each 

second oligonucleotide base sequence, the region of the 
1st "A" to the 22nd "A" from the 5' end corresponds to 
the T7 promoter region, and the subsequent region from 
the 23rd "G" to the 28th "A" corresponds to the enhancer 
15 sequence. The base numbers are assigned by designating 
the initiation base of the RNA-dependent RNA polymerase 
gene of GII SRSV in SEQ ID No. 36 as 1. 
First oligonucleotide 

G2-1S (SEQ ID No. 36, base Nos . 4 to 42) 
20 G2-2S (SEQ ID No. 37, base Nos. 29 to 67) 

G2-3S (SEQ ID No. 38, base Nos. 87 to 125) 
G2-10S (SEQ ID No. 39, base Nos. 707 to 745) 
G2-11S (SEQ ID NO. 40, base Nos.792 to 831) 
G2-12S (SEQ ID No-41, base Nos. 1303 to 1322) 
25 Second oligonucleotide 

G2-1F1 (SEQ ID No. 42, base Nos. 37 to 59) 
G2-1F2 (SEQ ID No. 43, base Nos. 34 to 56) 
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G2-2F1 (SEQ ID No.44r base Nos.62 to 84) 
G2-2F2 (SEQ ID No. 45, base Nos.59 to 81) 
G2-3F1 (SEQ ID No. 46, base Nos.120 to 142) 
G2-3F2 (SEQ ID No. 47, base Nos.117 to 139) 
G2-10F1 (SEQ ID No. 48, base Nos.740 to 762) 
G2-10F2 (SEQ ID No. 49, base Nos.737 to 759) 
G2-11F1 (SEQ ID No. 50, base Nos.826 to 848) 
G2-11F2 (SEQ ID No. 51, base Nos.823 to 845) 
G2-12F1 (SEQ ID No. 52, base Nos-947 to 969) 
G2-12F2 (SEQ ID No. 53, base Nos.944 to 966) 
Third oligonucleotide 

G2-8R (SEQ ID No. 28, base Nos.324 to 344) 
G2-12R (SEQ ID No. 30, base Nos.930 to 952) 
G2-17R (SEQ ID NO. 31, base Nos.1303 to 1322) 
Example 4 

Combinations of oligonucleotide primers according to 
the present invention were used for specific detection of 
different initial copy numbers of the target GII type 
SRSV RNA. 

(1) The same GI type SRSV standard RNA (SEQ ID 
No. 10) as used in Example 3 was diluted with an RNA 
diluent (10 mM Tris-HCl (pH 8.0), 1 mM EDTA, 0.5 U/fxl 
RNase Inhibitor (Takara Shuzo Co. Ltd.), 5 mM DTT, ) to 
concentrations ranging from 1.0 x 10^ copies/5 \il to 
10^ copies/ 5 \Jil. In the control testing sections, only 
the diluent was used (Negative). 

(2) 20.8 ^ll of a reaction solution having the 
composition shown below was dispensed into 0 . 5 ml volume 
PGR tubes (Gene Amp Thin-Walled Reaction Tube*^, Perkin- 
Elmer) followed by addition of 5 \il of the above RNA 
sample . 

Reaction Solution Composition (each concentration 
represents that in a final reaction solution of 30 ixl) 
60 mM Tris-HCl buffer (pH 8.6) 
17 mM magnesium chloride 
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150 mM potassium chloride 
39U RNase Inhibitor 
1 mM DTT 

0.25 mM each of dATP, dCTP, dGTP and dTTP 
3.6 mM ITP 

3.0 mM each of ATP, CTP, GTP and UTP 
0.16 \jM first oligonucleotide {G2-1S, SEQ ID No. 36, 
wherein its 3' end is aminated) 

1.0 jjlM second oligonucleotide (G2-1F2, SEQ ID No. 43) 
1.0 [xM third oligonucleotide (G2-8R, SEQ ID No. 28) 
25 nM intercalator fluorescent pigment- labeled 
oligonucleotide (YO-G2 SRSV-S-G, SEQ ID No. 35, labeled 
with an intercalator fluorescent pigment at the 
phosphorous atom between the 7th "T" and the 8th "A" from 
the 5' end, and modified with a glycol group at its 3* 
end hydroxy 1) 
13% DMSO 

Distilled water for adjusting volume 

(3) After incubating the above reaction solution 
for 5 minutes at 41'*C, 4.2 \il of an enzyme solution 
having the following composition and pre-incubated for 
2 minutes at 41*'C was added. 

Enzyme Solution Composition (each concentration 
represents that in a final reaction solution of 30 jxl) 

1.7% sorbitol 

3 jxg bovine serum albumin 

142U T7 RNA polymerase (Gibco) 

8U AMV-Reverse Transcriptase (Takara Shuzo Co. Ltd.) 
Distilled water for adjusting volume 

(4) The PCR tube was then incubated at 41 °C using a 
direct-measurable fluorescence spectrophotometer equipped 
with a temperature-controller, and the reaction solution 
was periodic measured at an excitation wavelength of 
470 nm and a fluorescent wavelength of 510 nm. 

Fig. 6(A) shows the time-course changes in the 
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fluorescence increase ratio (fluorescence intensity at 
predetermined time /background fluorescence intensity) of 
the sample, where enzyme was added at 0 minutes. 
Fig. 6(B) shows the relationship between the logarithm of 
5 the initial RNA amount and the rise time (time at which 
the relative fluorescence reaches the negative sample's 
average value plus 3 standard deviations; i.e., the time 
to reach 1.2). The initial RNA amount was between 10^ 
copies/test and 10^ copies/test. 
10 Fig. 6 shows that 10^ copies were detected after 

approximately 20 minutes. A fluorescent profile and 
calibration curve depending on the initial concentration 
of the labeled RNA were obtained, indicating that it is 
possible to quantify the Gil type SRSV RNA present in 
15 unknown samples. This demonstrated that rapid, highly 

sensitive detection of GII type SRSV RNA is possible by 

this method. 

As explained above, the present invention provides 
useful combinations of oligonucleotide primers or 

20 oligonucleotide probes which specifically bind to RNA 
derived from GII type SRSV, and rapidly amplify and 
detect the target RNA, even under relatively low and 
constant temperature (35 - 50 °C and preferably 41°C) 
conditions in which an RNA in a sample would form an 

25 intramolecular structure which inhibit the primer and 

probe binding. 

The base lengths of the oligonucleotides in the 
combinations of the present invention are not limited to 
the ones concretely described herein, and the present 
30 oligonucleotides may include those comprised of at least 
10 contiguous bases within these sequences. This is 
apparent from the fact that about 10-mer base sequence is 
sufficient to ensure adequate specificity of primers or 
probes to target nucleic acids under relatively low 
35 temperature condition (preferably, at 41''C). 



